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MEASUREMENT OF RADIATION DOSE AND 
PRODUCTION! DT? RADTftTTffltf Tmb^p 

VTmn r»p t>TVENTTOW 

The present invention relates to measurements of a 
radiation dose or a dose of ultraviolet rays using a ter- 
bium-samarium co-activated rare earth activated alkaline 
earth metal rare earth oxide phosphor. Hie invention 
further relates to new uses of the phosphor. 

BACRBROTTMT ) QF TWR TNVRNTTOTJ 

A phosphor emits a light by applying radiation such 
as UV light, electron beams, or X-rays, or by application 
of electric fields. Various phosphors have been hitherto 
studied and practically used for various purposes such as 
illumination (luminescent lamps) , image displaying, and 
radiation measurement. Display devises comprising phos- 
phors are also known, for instance, CRT and VFd. Also 
known is a radiation image storage panel (i.e., stimu- 
late phosphor sheet) containing a stimulable phosphor 
The radiation image storage panel is favorably employed 
for a radiation image recording and reproducing method. 

U.S. Patent No. 5,391,884 discloses a phosphor and 
an x-ray imaging plate comprising the phosphor. The 
dxsclosed phosphor contains an activated gadolinate host, 
and the host is essentially composed of oxygen atom and 
the complex composition having the following formula: 

BaGdatyTb^Sm 

[wherein, y and z are numbers satisfying the conditions 
of 0<y<l, 0<z<5, and lxl0- 5 <y+z<6 . 0] . 
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The above-mentioned phosphor absorbs X-rays, and 
emits light in a longer wavelength region. Further, if 
the phosphor having been exposed to the X rays is stimu- 
lated with light in the vravelength region of 600 to 1/200 
5 it emits a light (i.e*, stimulated emission) having 

an intensity stronger than that given by the phosphor 
without Tb and Snru Accordingly, U.S. Patent 5 r 391,884 
indicates that the disclosed phosphor gives stimulated 
emission advantageously employable for an X-ray imaging 
10 plate . 

The co-pending USSN 09/456,499 teaches that when the 
terbium- samarium co-activated alkaline earth metal rare 
earth oxide phosphor is excited with a radiation (e.g., 
UV light X-ray) , it emits luminescence comprising both 

15 green corrponent (which is thought to originate from Tb 3 *) 
and red one {which is thought to originate from Sm?*) . 
Each luminescent component has a different response time 
to the excitation, and the ratio between them depends on 
the alkaline earth metal and the rare earth (which are 

20 the center metal atoms in the phosphor matrix) . There- 
fore, the time difference between these luminescent com- 
ponents can be controlled by selecting the center metal 
atoms in the phosphor matrix. 

25 SIMNI&RY OF THE INVENTION 

The present inventors have made further studies on 
the terbium- samarium co-activated alkaline earth metal 
rare earth oxide phosphor and found out a number of in- 
30 teresting and industrially utilizable characteristics of 
the phosphor. 

Accordingly, it is an object of the present inven- 
tion to provide new uses of the terbium- samarium co-acti- 
vated alkaline earth metal rare earth oxide phosphor, 
35 Specifically, the invention resides in a method for 

measuring a radiation dose which comprises the steps of: 
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applying a target radiation to a dosimeter contain- 
ing a terbium- samarium co-activated alkaline earth metal 
rare earth oxide phosphor which is composed of an oxygen 
atom and a composition of the formula (I) : 

5 

M II M III 2 :30b # ySm (I) 

in which M 11 is at least one alkaline earth metal element: 
selected from the group consisting of Mg, Ca / Sr and Ba; 
10 MP 1 is at least one rare earth element selected from the 
group consisting of Y, La, Gd and Iiu; and x and y are 
numbers satisfying the conditions of 0<xsO„l and 0^*0.1, 
respectively; and 

measuring a variation per unit time of strength of a 
15 green light emitted by the phosphor. 

The invention also resides in a method of producing' 
a radiation image which comprises the steps of: 

applying a radiation having passed through a target 
or having been radiated by a target onto a radiation 
20 image storage panel containing a layer of the above-iden- 
tified terbium- samarium co-activated alkaline earth metal 
rare earth oxide phosphor ; 

determining a variation per unit time of strength of 
a green light emitted by the phosphor in each pixel which 
25 is imaginarily set on the storage panel, to obtain two- 
dimensional image data for each pixel; and 

producing a radiation image from the obtained image 

data. 

The invention further resides in a method for mea- 
30 suring a dose of ultraviolet rays which comprises the 
steps Of; 

applying a target radiation to a means containing 
the above -identified terbium- samarium co-activated alka- 
line earth metal rare earth oxide phosphor; and 
35 measuring a variation per unit time of strength of a 

green light emitted by the phosphor. 
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Hie invention furthermore resides in a method for 
measuring a radiation dose which comprises the steps of: 

applying ultraviolet rays to a dosimeter containing 
the aforementioned terbium- samarium co-activated alkaline 
5 earth metal rare earth oxide phosphor; 

measuring a strength of a green light and a strength 
of a red light emitted by the phosphor to which the ul- 
traviolet rays have been applied ; 

applying a target radiation to the dosimeter, so as 
10 to cause variation of atomic valency for the terbium and 
samarium; 

applying ultraviolet rays to the dosimeter to which 
the target radiation has been applied; 

measuring a strength of green light and a strength 
15 of a red light emitted by the phosphor to which the ul- 
traviolet rays have been applied after application of the 
target radiation; and 

comparing the former strengths of the green light 
and red light with the latter strengths of the green 
20 light and red light. 

The invention furthermore resides in a method of 
producing a radiation image which comprises the steps of: 

applying ultraviolet rays to a radiation image stor- 
age panel containing a layer of the aforementioned terbi- 
25 um-samarium co-activated alkaline earth metal rare earth 
oxide phosphor; 

measuring in each pixel which is imaginarily set on 
the storage panel , a strength of a green light and a 
strength of a red light emitted by the phosphor to which 
30 the ultraviolet rays have been applied, to obtain two- 
dimensional image data for each pixel ; 

applying a radiation having passed through a target 
or having been radiated by a target onto a radiation 
image storage panel, so as to cause variation of atomic 
35 valency for the terbium and samarium in each pixel; 

applying ultraviolet rays to the storage panel to 
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which the target radiation has been applied; 

determining in each pixel a strength of green light: 
and a strength of a red light emitted by the phosphor to 
which the ultraviolet rays have been applied after appli- 
5 cation of the target radiation, to obtain two-dimensional 
linage data for each pixel; and 

processirig the latter strengths of the green light 
and red light with reference to the former strengths of 
the green light and red light in each pixel, for produc- 
10 ing a radiation image from the obtained image data* 

In the invention, examples of the radiations include 
X-rays, ionizing radiations such as y-r&YS f p-rays and <x- 
rays, and neutron rays. The ultraviolet rays are light 
having a wavelength region of 250 nm to 400 nm* 

15 

BRIEF DESCRIPTION OF DRAWINGS 

Pig, l shows an emission spectrum of BaGdjA: 
0 ♦ 002Tb, 0.0002Sm phosphor excited with X-rays. 
20 Fig. 2 shows time -dependency of the emission inten- 

sity of BaGd^O 4 :0.002Tb / 0.0002Sm phosphor excited with X- 
rays in which the solid line 1 is for a green light and 
the dotted line 2 is for a red light* 

Fig. 3 shows a model of time -dependency of emission 
25 intensity of a green light emitting from the terbium- 
samarium co- activated alkaline earth metal rare earth 
oxide phosphor of the invention. 

Fig. 4 shows a model of time-dependency of emission 
intensity of a green light emitted by the known terbium- 
30 activated alkaline earth metal rare earth oxide phosphor, 
Fig. 5 shows a schematic view of a typical dosimeter 
of the invention. 

Fig. 6 graphically shows a curve (i.e., calibration 
curve) indicating a relationship between a radiation dose 
35 of X-rays and a variation of fluorescence strength per 
sec. 
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Fig* 7 graphically shows a curve (i.e., calibration 
curve) indicating a relationship between a dose of ultra- 
violet rays and a variation of fluorescence strength per 
sec * 

5 Fig. 8 shows at (1) a schematic view of a typical 

radiation image storage panel employed in the inven- 
tion-dosimeter of the invention, and at (2) an enlarged 
section of the storage panel taken along the line I -I, 
Fig, 9 graphically shows a curve {i.e., calibration 
10 curve) indicating a relationship between a radiation dose 
of X-rays and a variation of fluorescence strength (F) ♦ 

DETAILED DESCRIPTION OF THE INVENTION 

15 A process for preparing a terbium- samarium co-acti- 

vated alkaline earth metal rare earth oxide phosphor of 
the invention is described below. 

In the first place, an alkaline earth metal oxide 
and a rare earth oxide (which form in combination a pre- 

20 cursor of the phosphor matrix) and terbium oxide and sa- 
marium oxide (which are oxides of the activator) are 
pulverized and mechanically stirred for mixing. The 
obtained mixture is placed in a heat -resistance container 
such as an alumina crucible, a quartz boat or crucible, 

25 and then fired 121 an electric furnace. A preferred tem- 
perature for the firing is in the range of 1,100 to 
1, 300*0, and more preferably is approx. i,200 c C* As the 
firing atmosphere, a nitrogen gas atmosphere is pre- 
ferred. The firing period is determined upon various 

30 conditions such as the amount of the mixture placed in 
the container , the firing temperature , and the tempera- 
ture at which the product is taken out of the furnace. 
It generally is in the range of 1 to 5 hours, preferably 
2 to 4 hours. 

35 After the firing, the temperature in the furnace is 

lowered and then the fired product is taken out. The 
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product can be further subjected to various known treat- 
ments such as pulverizing and. sieving, if needed. 

The above- described preparation process gives a ter- 
bium-samarium co-act ivated alkaline earth metal rare 
5 earth oxide phosphor comprising oxygen atom and the com- 
position represented by the formula (I) : 

M n M ncx 2 :»a3b,ySm (I) 

10 [wherein, M 11 is at least one alkaline earth metal element 
selected from the group consisting of Mg, Ca, Sr and Ba,- 
M m is at least one rare earth element selected from the 
group consisting of Y, La, Gd and Lu; and x and y are 
numbers satisfying the conditions of OocsO.l and 0<y£0.1, 

15 respectively] * 

Preferably, M 3 * is Sr and/or Ba. M m also preferably 
is Y and/or Gd. Further, x and y preferably satisfy the 
conditions of 0,0001^x^0.01 and 0*00001*y<:0.001, respec- 
tively. 

20 The emission property of the phosphor of the inven- 

tion is described below by referring to the attached 
drawings . 

Fig, 1 shows an emission spectrum of the phosphor of 
BaGd 2 0 4 = 0-Q02Tb, 0-Q002Sm (an example of the phosphor of 
25 the invention) excited with X-rays* 

Fig. 2 shows time-dependency of the emission inten- 
sity of BaGd 2 0 4 -0. 002Tb, O.Q002Sm phosphor excited with X- 
rays. In Fig, 2, the solid line 1 and the dotted line 2 
represent green and red luminescent components, respec- 
30 tively. 

Even if the Ba is replaced with other alkaline earth 
metals such as Ca, Mg, or Sr, almost the same spectrum is 
obtained. Further, even if the Gd is replaced with other 
rare earth metals such as Y, La or Lu, almost the same 
35 spectrum is obtained. 

As is shown in Fig. 1, the phosphor of the invention 
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gives a luminescence comprising green component (approx.. 
at 550 nm) and red one (approx. at 610 nm) ♦ The lumines- 
cence centers of the green and red components are consid- 
ered to be Tb 3+ and Sm? + , respectively. 
5 Fig* 2 further shows that BaGdsAtO. 002Tb, 0.0002Sm 

phosphor emits the green luminescent component later than 
it emits the red one by apfprox. 0.5 second. In other 
words, the green component (originating from Tb 3 " 1 ") exhib- 
its a response to the excitation slower than the red one 

10 (originating from Sm 3 *} . Under observation with the human 
eyes, the red light can be seen immediately after the 
excitation, and then the green light can be seen approx. 
0*5 second later* The ratio between the green and red 
components varies according to the center metal atoms in 

15 the matrix (even if the activators are the same) . Ac- 
cordingly, the time difference between these luminescent 
components can be controlled by optimizing the conditions 
of the phosphor matrix (e*g*, by selecting the center 
metal atoms and/or by adjusting the ratio thereof) . 

20 Further, in the case where the phosphor is excited with 
ultraviolet rays, the excitation maximums for the green 
and red corrponents are approx. 315 nm and approx. 408 nm, 
respectively. Accordingly, it is possible to selectively 
excite the phosphor so that the green or red component 

25 can be predominantly obtained- 

The terbium- samarium co-activated alkaline earth 
metal rare earth oxide phosphor of the invention is pref- 
erably employed in the form of a sheet containing the 
phosphor. See a sheet 10 of Fig. 5. The sheet may con- 

30 tain a binder polymer which binds the phosphor in the 

form of particles* The sheet generally is in a rectangu- 
lar shape having a size of 1 to 100 cm x 1 to 100 cm, and 
a thickness of 1 to 1,000 fim. 

Otherwise, as is illustrated in Fig. 8, the phosphor 

35 is preferably employed in the form of a radiation image 
storage panel 11 conprising a support sheet 12 and a 
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layer 13 of the phosphor. The layer of the phosphor 
preferably comprises phosphor particles and a binder 
polymer. On the phosphor layer 13, a protective layer 14 
may be placed. Possible structures and possible varia- 
5 tions of the radiation image storage panel (i,e., stimu- 
lable phosphor sheet) are known and are applicable to the 
preparation of the radiation image storage panel contain- 
ing the phosphor of the invention* 

The terbium- samarium co-activated alkaline earth 

10 metal rare earth oxide phosphor emits a green light and a 
red light when it is irradiated with X-rays. A typical 
time-dependency of the green light is schematically il- 
lustrated in Fig, 3* For comparison, a typical time- 
dependency of a green light emitting from the known ter- 

15 bium activated alkaline earth metal rare earth oxide 
phosphor is illustrated in Fig. 4. 

As is apparent from comparison of Fig. 3 and Fig. 4, 
the green light emitting from the Tb/Sm co-activated 
phosphor of the invention shows a variation of f luores- 

20 cence strength which is not sharp, as compared with the 
variation of the fluorescence strength of the green light 
of the Tto-activated phosphor. 

It has been now found by the inventors that there is 
a specific relationship (such as linear relationship) be« 

25 tween the radiation dose of X-rays and the ratio of in- 
crease of the fluorescence strength of green light within 
a certain time range. The relationship is illustrated in 
Fig. 6. 

Accordingly, if a calibration anrye is prepared by 
30 applying a standard target radiation in a predetermined 
dose to the phosphor and measuring a variation per unit 
time (such as one second after excitation) of strength of 
a green light emitted by the phosphor, unknown radiation 
dose can be determined by repeating the same procedure 
35 and corrparing the measured variation value with the cali- 
bration curve. Thus, the phosphor of the invention can 
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be employed as a dosimeter ♦ 

For instance, X-rays radiated by an X-ray tube (W-40 
kVp) are applied to a dosimeter sheet containing a phos - 
phor of BaGd 2 O 4 :0.0001 , Eb,0*00O3Sm to give a radiation dose 
5 of 1 to 100 mR, and a fluorescence emitting from the 

phosphor within one second is detected at a wavelength of 
"555 nm (green light, slit-.: 5 nm) . 

The above-mentioned phenomenon of the phosphor of 
the invention can be utilized for production of a radia™ 

10 tion image if the green light is detected from each pixel 
imaginarily formed on a sheet such as a radiation image 
storage panel using a light-collecting means such as CCD 
and the detected green light is converted into a digital, 
data. The digital data are collected from each pixel and 

15 processed to produce a two-dimensionally extended radia- 
tion image in the manners utilized in the known radiation 
image recording and reproducing method. 

The phosphor of the invention further shows that the 
green light is also emitted when the phosphor is irradi- 

20 ated with ultraviolet rays. The green light emitting 
after irradiation of ultraviolet rays shows a relation- 
ship between the dose of ultraviolet rays and the ratio 
of increase of the fluorescence strength of green light 
in a certain time range, as is illustrated in Fig. 7. 

25 For instance, ultraviolet rays having a wavelength 

315 nm (or 240 nm) are applied to a sheet containing a 
phosphor of BaG^O* :0.0001Tb, 0.0003Sm to give a UV dose of 
0,01 to 100 /zW/cmi 2 , and a fluorescence emitting within one 
second is detected at a wavelength of 555 nm (green 

30 light, slit: 5 nm) . 

It is further discovered by the present inventors 
that the terbium (Tb3 + ) and samarium (Sm? + ) each of which 
forms an emission center of the phosphor of the invention 
to emit a green light and a red light, respectively, show 

35 variations of their atomic valencies when irradiated with 
radiations such as X-rays, that thus irradiated phosphor 
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shows variation of the fluorescence strength for each of 
green light and red light, and that there is a relation- 
ship (such as a linear relationship) of the variation of 
fluorescence strength between the green light and red 
5 light. 

Accordingly, the phosphor of the invention can be 
emplny^d as ^ dosimeter for measuring a radiation dose 
utilizing the above-mentioned relationship* A typical 
procedure is described below, 

10 A sheet containing the phosphor is irradiated with 

ultraviolet rays, and a fluorescence strength of green 
light emitting from terbium, Io(Tb) and a fluorescence 
strength of red light emitting from samarium, Io(Sm), are 
measured. The excitation wavelength for terbium is ap- 

15 prox- 315 nm, vtfiile that for samarium, is approx. 408 nm. 
If the excitation wavelength of 315 nm is utilized, both 
of terbium and samarium are excited. 

Subsequently, a target radiation (i,e«, radiation to 
be measured in its radiation dose) is applied to the 

20 sheet having been irradiated with the ultraviolet rays. 
By the application of radiation such as X-rays, both of 
terbium and samarium vary in their atomic valencies. 

Thereafter, the sheet is again subjected to irradia- 
tion of ultraviolet rays, to measure a strength of green 

25 fluorescence/ I (Tb) , and a strength of red fluorescence 
I (Sm) . The atomic valencies of Tb and Sm vary different- 
ly by the application of radiation, and the fluorescence 
strength varies in each of the green light and the red 
light. 

30 Prom the f luorescence strengths obtained in the 

above-mentioned procedure, the variation of strength, 
namely, F [Io (Tb) , Io (Sm) , I (Tb) , I (Sm) ] can be calculated 
according to one of the following equations (i) and (ii) : 



35 P= [I(lb)/T(Sm)]/[Io(Tb)/Io(Sm)] — (i) 

F= [I(lb)-Io(Tb)]/l(Sm) — (ii) 
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Accordingly, a calibration curve representing the 
relationship between the radiation dose and the variation 
of fluorescence (P) can be prepared. The variation of 
the atomic valencies of terbium and samarium is returned 
5 back to the original state after the emission of fluo- 
rescence by the irradiation of ultraviolet rays. 

In more detail, the procedure can be performed in 
the following manner • 

A sheet containing BaGd 2 O 4 :0.G001Tb, 0„0003Sm phosphor 

10 (i.e., dosimeter) is irradiated with ultraviolet rays 
(wavelength: 315 nm, dose: 0.8 /xW/cm 2 ) , and each of 
strengths of fluorescences [Io (lb) , lo (Sm) ] are measured 
at 555 nm (for green fluorescence, slit: 5 nm) and at 610 
nm (for red fluorescence, slit: 5 nm) * The sheet is then 

15 subjected to X-ray irradiation (tube voltage W-40 kVP) . 
Subsequently, the sheet is again irradiated with the same 
•ultraviolet rays to measure each of strengths of fluores- 
cences [I (Tb) , I (Sm) ] . The measured strengths of fluo- 
rescences are incorporated into the aforementioned egua- 

20 tion (i) to give the variation of fluorescence strength 
(F) . By varying the radiation dose of X-rays in the 
range of 0.1 to 100 mR, the variation of fluorescence 
strength (F) illustrated in Fig, 9 is obtained. 

Fig. 9 is a calibration curve representing the rela- 

25 tionship between the radiation dose of X-rays and the 

variation of fluorescence strength (F) , -Apparently, the 
relationship shovm in Fig. 9 is linear. 

Then, a target radiation is applied to the sheet 
(i.e., dosimeter) and the fluorescence strengths are 

30 measured in the same manner, to obtain the variation of 
the fluorescence strength (f) . The obtained F value is 
applied to the calibration curve (e.g., that of Fig, 9), 
to determined the radiation dose of the applied X-rays, 
As is easily understood from the description set 

35 forth above, the above -described procedure can be uti- 
lized for producing a two-dimensional radiation image by 
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detecting fluorescences knitting from each pixel vftiich is 
imagirarily formed on a radiation image storage panel. 
As to the radiation image storage panel and the procedure 
for producing a two-dimensional radiation image, the 
5 descriptions given hereinbefore as well as a great number 
of patent publications and other published documents can 
be utilized. 



